Cryo-electron tomography (cryo-ET) has been extensively used to characterize thin specimens such as prokaryotes and viruses. However, imaging eukaryotic cells remains challenging due to their thicker profile (> 500 nm). A few selective areas such as the thin periphery of endothelial cells, epithelial cells, and primary neuronal synapses are accessible to cryo-ET imaging. To overcome this limitation, a number of approaches, including cryo-electron microscopy of vitreous sections (CEMOVIS) and cryo-Focused Ion Beam (FIB) milling, have been utilized to generate thin sections (or lamella) of vitrified eukaryotic specimens. Nevertheless, it remains challenging to reproducibly obtain high-quality vitreous sections (or lamella) by using CEMOVIS and FIB milling.
Cryo-ET data acquisition and reconstruction. SerialEM was used to locate the specific regions and collect low-dose, single-axis tilt series with dose fraction mode and Volta Phase Plate (VPP). Images in tilt series were first aligned using MotionCor2 [1] . Subsequently, tilt series was aligned using the IMOD [2], with fiducial markers or fiducial-free cross correlation, and reconstructed by using IMOD. EMAN2.2[3] were used to generate 3D representations of cellular features.
In summary, we have demonstrated that the NGF differentiated PC12 cell is an accessible mammalian cell system for high-resolution cryo-ET imaging. We have developed a novel imaging workflow that effectively combines the advanced improvements in CLEM and cryo-ET to routinely produce threedimensional and molecular resolution snapshots of neurite varicosities containing intact organelles and molecular machines in their native and functional environments. 
